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classes of trains on the same track is a job for expert people, not computers. We propose an algorithim that
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Lintroduction

Can a computer compile a tmetable for a railroad that has several classes of trains on the same
track? Traditionally. this question has been answered in the negative: that compilation of timetables has been
one of the things done by expert people, not computers. The reasons cited are, first, that economic and social
facets are basic to the problem; and second. cven if the problem is limited to setting the timing of trains, the ;

algorithm is stilt not clear.

In partial response to this gquestion, we propose an algorithin, a combination of the concept of the

scttable time region and the propagation of constraints, which makes the so-called range-constriction search

technigue applicable in setting the timing and the pass-through relation of tains (hereafter we call this
“setting of train movement™) in terms of smooth and efficient traftic Now. By mak:ng clear how the trains
cmstein the settable timing of cach other ander a certam order ickation, the computer can find possible

pss-through relations between them and their setable tme regions and can evaluate the efficiency of the

t ains” movements for cach pass through relation. These two concepts make the search space of possible

combinations small, and also make the settable time region of cach train small.

As mentioned above, it is true that the compilation of the railroad time-table includes economical
and sovial facets which control the fundamental outfine of o time-table -- the direction, the speed and the
service interval -- in order to conform, as far as possible, o the traftic demand along its route, to the technical
installations, to the local conditions, and to the cconomic requirements, arda usually involves ill-defined,
possibly incosistaint requirements. When we think about this fact, it may be said that the setting of train
movement is only one sub-system of the compilation. We also feel the necessity of another weapon, such as a
knowledge-based scheduling program [NUDGE: Goldstein & Robeits], hesides such @ "power-based”

scheduting program, for the total time-table compiling system.

However.it is also true that the setting of tain movement is still an essential part of the compilation
and has been considered a difticult problem for computers even after being given the service interval of cach
train class in several time-zones, the running speed (or the running time), and the least necessary stopping

time for loading/unloading.
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In this paper we focus on the setting of train movement (the system i the nghtmost box) for the

total compilation of a long-term time table for high density traftic service with muluple classes of trains.




IL. A train diagram and manual scheduling method

When a timctable is compiled manually, a train diagram is used (see Fig. 1).

0O Representation on the train diagram

Train movements take place both in time and in distance. it is conventional that time is
represented on the horizontal axis and distance on the vertical axis. 1ig. 1(a) shows the train
movements from station "A™ at time "ta" o station "B at time "t” and then to station "C"
at time "™, Note that we assume the time of acceleration or braking and the variation of
running velocity ave small enough so that train movement in a section! can be drawn as a
straight line.  The pass-through telation is also diagrammed as is between train "R
{pass-through) and train "TR»" (passed-through) at station "B, and the opposite direction

train is diagrammed fike train TR Fig. 1(b) shows a part of an actual train diagram.

At present, train scheduling is 1 trial-and-crror process, done manually by humans using a

preliminary train diagram. A human uscs a visual representation to interpret the relations between trains and
stations (orders and positions in time and distance). The basic relations are represented by the three links

listed below.

O Three links which are used to access a train dingram

horizontal line =----- Which train arrives before which train at this station.

vertical line ------ Which train is running before which train on track at this time.

train-lingZ - Which train arrives at which station at what time.

This mcans that peonle can sce the train movement and relations without calculation, say, for

express "TRi™ to have a pass-through relation with a normal "I'Ra" at station "P", ""TR+" should be running
around scction "R" at this time. or should depart station “Q" around this time. This helps the scheduler to

discard infeasible combinations by visualizing train movements, usually without actual drawing.

I'1ack between two adjacent stations

For convenience, we use the conventional word “wrain-line” to cxpress a trace of a movement of a train in the tme-distance planc
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(a) Train movement represented on a train diagram

'\0

VO
o

¢\

(b) A part of an actual train diagram3

Fig. 1 Train movements and train diagrams

3 For convenience, hereafler we assume as below in any figure which s sepresented in geometrical-form,

time aus = horizomal line
divanee axis = verical fine.




[1L.How to implement trial-and-crror and how to represent train movements in the computer

‘There are some alternative methods for maintaining a train movements data base.  They are based
on the access links mentioned previously.

] Train-line: For cach train, we maintain an ordered list of the arrival and departure time set at cach station,
Each entry is of the form

( arrival-time departure-time )
The horizontal line (order relation of trains) can be obtained from train-lines directly, because for all
train-lines, cach entry is ordered by the station order that never changes.

13 Horizontal line: FFor cach station, we maintain two ordered lists. one is of the departure time and another is
of the arrival time at the station, with the train identification. Fach entry for cach istis of the form

( time train-id )
“Che train-line can be ubtained [rom horizontal lines theoretically, but the train identification is abso needed,

Lecause the train order can change at cach station.

O Vertical linc: For cach small time unit, we maintain an ordered list of the positions on a track with the train
identification. Each entry is of the form

( position train-id )
The train-line and the horizontal line can be obtained from vertical lines theorctically, but the vertical line is
usually used for a traffic control or a traffic simulation as a short time data.

‘The representation of trains’ movements should depend on how often, how casy, and how fast the
data access is done from the procedure.  Occasionally, a multiple-linked database may be better than
single-linked database.

3-1 lmplementation of trial-and-crror

For trial-and-error problems, SEARCH-METHOIs are well-known, and the characteristics of cach
of them is clear. However, whether a particular scarch-method is applicable and how to implement the
problem into a scarch-tree structure depends on the characteristics of the problem itself, such as what state is
an alternative, or what movement is a path. The final aim of our impementation is to reduce the number of
alternatives and to prune the tree cfficiently, for the determination of the timing and the order of cach train,
at cach station, or in cach scction.

If we let a node in the tree represent the timing of cach train, it would not be necessary to explicidy
keep the order of trains. However we would have a hopelessly large number of aliernatives because time is
continuous.  On the other hand. if we let a node represent i possible order relation in a section, we have a
smaller number of alternatives. However, we must solve the problems of how to represent the timing of cich
train that has the vaguencess and the freedom of timing, «s shown in Fig. 2. and the problem of how W
compress them.
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Fig. 2 Vagueness and freedom of timing

Suppose we are given an unfocused or illegible picture of a train diagram. Probably we usc things
like the gradicnt of cach linc, the stopping time, the possibility of pass-through, or the departure time of a
certain train. But in the case of a new compilation, we have no clues.

‘Therefore, our scheme will be as follows: in order to approximate unfocused or partial train diagrams, we
use the scarch-tree to obtain the possibie order relations accompanied by something like lines stretched in
width, and, then, in order to focus them, sume constraints.  Considering this process, the necessary data link
will be both the order relation in cach section (horizontal line) and the sequential departure/arcival time of

cach train (train-line).

32 Representation of triain movement
(A train line can be represented as a belt rather thaa as a line)

Instead of fixing the timing as onc instance &t cach distance, we will let it be some time-length at
cach distance. By allowing the freedom of timing to remain, we can represent a train-line as a belt in a
section, as shown in Fig. 3. The two boundarics of cach belt correspond with two train-lines: one is set as
carly as possible and another is sct as late as possible by whatever means, This representation makes it
pussible to handlc a number of alternatives (in terms of timing) as one alicrnative -- this is analogous to a
person’s trial-and-crror method of sclting in the carly stage of the compilation --- but leaving the ambiguity of

uvcrlappcd‘ regions.

4 Once onc of the iran-hnes forming the overlapped region is fived into a line by same means, the degree of overlap decreases one:
that tiun-hine must now et outside of the new overlapped region




‘The order of trains which constrains the timing can be represented as a permutation list for cach
section. A running order in one section corresponds Lo an arrival order of one station and to a departure order

of another station, because no pass-through can happen in a section.
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Fig. 3 ‘Frain-lines represented as belts.

3-3 Shrinking of train-line (or bhelt)

We know that cach section is connected sequentially (in distance) and also cach leg of the routing of
cach train is sequential (in time), continuous including its feast stopping time.  ‘This means that in order to
have some order relation in one section within some time region, the timing in the previous (or next) section
must be set near some particular time, and vice versa. The serics of order relations, obtained from
successive sections, has less freedom of time setting than a single order relation, considered by itself. “This is
analogous to the shape detection algorithm in blocks world, utilizing the propagation of constraints [Waltz],

‘Therefore, as the number of the previously explored sections increases, the belts, cach of which
represents the settable region of cach train, are shrunk by the propagation of canstraints from other sections,

Fig. 4 shows a simplc examplc of shrinking of train-lincs,
We can also consider this shrinking process as the selective cut-off of some number of alternatives

from a larger group of alternatives, which compriscs a group of train-lines,
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Fig.4 A simple example of the process of shrinking




1V.The constraints on time

When we compile a timetable, we have at Ieast two kinds of constraints on time: one is physical,
such as the maximum velocity of cars or the necessary time for switching: another is qualitative, such as the
allowable longest stopping time, the preferable service interval or the preferable terminal departure time,

Concerning pass-through, we have some additional restrictions that are mentioned later.
1.ct us consider a few extremes of compilation for more concrete explanation.

0 1f we sct only one train in a time-zone that is wide enough to ignore the existence of other
trains, say with a frequency of or¢ train cach day, the only physical constraints are the
minimum running time (maximum vetocity) of cach section and the least stopping time at
cach station. One more necessary constiint is the terminal departure time (or the arrival

time of another terminal) in order 1y fix the train-line.

O If we set some number of sam > class tains in a time-zone wide enough to ignore the
conflicts or ncar-miss between trains and also narrow enough in time for regular service, the
necessary constraints are the same physical ones as above, plus the qualitative constraints of

terminal departure time of one train and the number of trains (or the interval between them).

3 If we set two or more different classes of trains in a time-zone that is not wide enough to
avoid a pass-through, we necd other physical constraints which are the switching times
between them at the pass-through station. In addition the capacity for pass-through must be

known for cach station.

(\) Constraints come from physical conditions
(These may correspond to "requirements” in [NUDGE])

(1) The basic train movements are "Running” and "Stopping”. and cach constraint on train x is represented
as follows.

where,
. . Tr: running time
Fe(x, m) > Tw (k, m) Tro: shortest running time
Ts: stopping time
Tso: least necessary stopping time
T (X, n) > Tso (k’ n) k: class of train x

n: station number

m: section number
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(2) 'The basic operation of the station is the switching among consecutive events (arrivals, departures and
passing), and cach switching requires a certain time length for actual shifting and redundancy for safety.

‘The constraint between two consccutive cvents yZ, 32 is represented as follows.

where,
Ti: time length betwee 1 two consecutive events

Tl()’l yan l))Tx‘w(Cl e n I) Tsw: switching ume and redundancy

o). e2: kinds of two events. v1 and y2
1: swilch number

n : station number

(B) Constraints come from service quality
(These may correspond 1o “preferences” in [NUDGE])

This kind of constraint does not cause collisions or disruptions of operation, but in an actual sense we should
properly distribute both unavoidable delay that is caused by high density train scheduling (pass-through) and
service itself. One more constraing is the relation to the absolute time.
Some cxamples are:

* maximum allowable stopping time

* maximum allowable slow down

* maximum displacement from preferable interval

* time of the first (last) service

* departure time of special trains

Fig. § shows the concept of the above constraints. Every constraint must be checked in the
current section and at the current station, but some of them are unnccessary in the previously explored
sections and at the previously explored stations, and can be reduced to the relations listed in Table 1. ‘These

relations can be represented as

{ ( relation-name related-train station-number )

Coeeie Y eeens ) )




/’M cconstraints (1)

&b constraints (2)

— e o - -

NOLE Some of constiints () are nol display ed by assining

v Isw (x=arnval, x-depantare)

.ot interval

a b c d

(b) Constraints from service quality,

Iig. 5 Example of constraints.
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b a * Min. Ti (a-arrival, b-pass)
* Min. T (b-pass, a-departure) ;
* Min. Ts (a)
* Max. Ts (a) |
PASS-THROUGH 9 &>
a b
c

* Min. 11 (a-departure, c-arrival)

BEFORE &
BEHIND
c 3 d b * Max. Ti (a-departure, b-departure)
* Min. Ti (a-depariure, b-departure)
INTERVAL

Ti: time length between two
consecutive same class trains.

Table 1. The reduced relations and the constraints that should be checked.

NOTE:
‘The constraints mentioned in (A) should not be compromised, on the other hand the constraints mentioned in
(1B3) might be compromised under some conditions, but we assume they are given from another system like a P ]

knowledge-based system or a human., ]
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V.Constraints for the pass-through and a minor-tree
(How to generate possible departure orders from an arrival order)

In order to change a departing order, an arriving order or a running order, the pass-throughs must
be performed at the stations.  We have somne rules that constrain an arbitrary pass-thcough as follows:

O Constraints on pass-through

(1) Pussing priority derived from train class:
A train can not pass-through a train of the same or higher class.

(2) Stopping or not:
A train can not be passed-through at the station where that train does not stop

(3) Configuration of station (sidings and main track):
A train which has alrcady arrived can depart before any other trains' arrivals, and also a train can

arrive, as far as the station capacity allows, before any other trains’ departure,

NOTE: A station capacity mecans not only the number of available sidings but also the length
and the existence of platform. Fig. 7. shows some examples of the station configurations.

switch (A)

MM

(a) (©)

Fig. 7 Example of Configuration of the station

‘I'he generation of all possible departure orders from onc arrival order is also implemented using the
tree structure (which we call "minor-tree™) and cach terminal node corresponds to an alternative on a

major-tree. g, 8 shows an example of a minor-tree,
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An arriving order is [ nl el n2

e2nl})

The priority of ¢l. ¢2 is higher

Y €t than of n1,n2,n3

For example. el ¢2 : express
and n).n2.n3 : normal

The station confipuration is
Ty 7(a).

Tte switchs (A)(B) move
sitaulancously for the sake of

safcty  ‘This means while one
train is arriving (dcpaning).
another train can not depart
(arrive).

: arrival (enter)
: departure (exit) i
¢ ot impossible but usually ‘

IR

. uncommon, so the expansions
O 3t from this kind of nodcs are not
shown.

Fig. 8 ‘the structurc of Minor-tree

V1.What search method is suitable

In this chapter, we show examples of setting train movements, and using these examples we discuss
the search method and the evaluation of various movement settings. l

{A) A simple examplc of setting train movements

We introduce "pattern-diagram” as a simplc cxample of train movements. “Pattern-diagram” is one cycle of -
the periodically set part of a timetable for a certain time zone, and the creation of this is usually one of the
cssential stages in the current manual compilation of a timetable.

NOTE: For the sake of cxplanation, in this chapter we will assume that a train may stop
longer than necessiry only when it is passed-through at the station, and can not slow down
from its shortest running time, and we will return to consider the slow down of trains.  This
meins that if a train is not passed-through, the boundary moves like glucd solid sticks when
constraints arc propagated, but if it is passed-through, it is discontinuous at the station
{except for the one-directional link that constrains the minimum and maximum stopping
time).
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Fig. 9 shows the process of shrinking at cach stage, and Fig. 10 shows one of the final results of shrinking and

two stagces in process of it, under the condition listed below.

One-way setting in a double tracks line, from one terminal to the other.

Three kinds of trains run on the track which contains seven stations besides two terminals.

On lig. 9
Limted express runs every T (minutes), and stops only at voth terminals.

Express runs every T1 (minutes), und stops a: both terminals, No.4, 6, and 7 station.

Normal runs every T1 (minutes), and stops at both terminals and every station, '

Cnlig 10
Limited express “1.” ("1.”") runs every T2 (minutes). and stops at only both terminals,

Swa expresses “ET and “82" run every T2 (minuies), and stop at both terminals, No.4,6, and 7 siation.

Two novmals "N and N2 run every T2 (miinutes), and stop at both terminals and every station.

.3

limited —
Cxpress

- hz

both CXpress normal

F igTQ_Sﬁ;inking process on cach stage

In this example, the limited express is represented as if it runs with the infinite speed, for convenience sake, because it is used as a son of
boundary wall. as usually done.  The actual computation is also donc in the same way.
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L)

4

E2

N2

()

Fig. 10 Final result of shrinking and two stages in process of it

(b)




In Fig. 9 we can see that both trains, which depart from the terminal at mostly free timing, begin to
shrink scction by section, Occastonally they stretch when they are passed-through, and again bepin to

shrink.

Using Fig. 10, we explain simply how the constraints work.
J Fg. 10 () : From terminal departure w arrival at No. 3-station, L, F2NL E2 N2 and 1 do nat change
their order, and so the carhiest boundary (hereatter we call simply earfiesr) of £1 and N7 do not shift but
carliest ot 12 shufts right through the constraint relation (Yink) between both arrivals of A/, that shifts right,
and 12 st cach station carliest of N2 also shifts right through the link between both departuses of 172 and N2
at departure terminal.  Concerning the latest boundaries (hercafier we call katest). Jatest of N2 shifts left
‘hrough the constrant hetween buth arrivals of 7 °and #2 at cach sttion and then kst of 12 shifts left

through the link between both departures of N2 and 12 at the terminal and so on so forth,

A Fig. 10.4b) - On armval at No. S-station, earliest of N2 pushes eardiest of E1 night and then it propagates on
arliestof 111 downward, o earliest of N1 at the werminal, on earfiestof A1 upward tll the arrnal at No.
dstation, at the same time at No. 4-sianon, o aarfiest of F2 through pass-through tink, on earliest of £2
upward ull the arnviil at No. S-station, also on carliest of 122 downward, o carfiest of V.2 at the ternmimal and
on carhiest of N2 upward ull No. 3-station. OF course. 1f one of the above hinks is wide enough to absorb the

propagating shifl, the propagation stops at that link.

O tig. 10 (c) : On departure at No. S-station, the constrnt “maximum stopping time” holds true clearly
between the arnival and the departure of fatest of N2,

O In every expansion. we check that the earliests are more feft than their own furesss. and then generate the

alternatives for the next expansion.

(B) How to evaluate

We consider a simple method of assigning a penalty “P* to cach possible series of order relation. P
can he represented as a lincar combination of the unwilling delay of cach class train (so far, the stopping

umc), which is caused by pass-through,

where

W weight(depends on the class of the train)
p- . . In nceessany time to arrive at some station from the departure
P=x WQk) X l{ Vea rcd } -1 "‘kH lermunal without the pasang through (also depends on the
class of the train)
k - class of trmn
n  station number
Fea: carhest asnnval ime al some station

11d: lstest termenal depatture ume
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(C) How to search

We believe “depth-first scarch” is the best by the reasons listed below.

D As scen in the cxample, one cxpansion of the setting usually changes the departure and arrival time not
only of the current station (or section) but also of the previously explored stations so if we had one set of
train-lines and tried to expand another alternative, we would need a backward calcufation in order to get the
previous train-lines that we had already got before.

O ‘The search tree (“major-tree™ in the former chapter) has the structure listed below. so whichever path is
expanded, its maximum depth is limited to the number of sections on the line.

1-ply = l-section ( 1-station )
I-alternative = 1- order relation in a section.

1 Sometimes. there is something that ceases expanding path in the middle. That is to say, by detecting the
over-shrunk(the minus value of the width of the belt). we can know this order relation is infeasible.

3 ‘The cvatuation of the penalty in the middle is not useful o order the alternatives because the unwilling
delay increases discontinuously at some stations, as shown in Fig. 11, and at this point we have no under
estimation method (for A*® algorithm).

OFf course, once we get the first feasible (not necessarily optimal) series of order relations, we may avoid
expansions of some aliernatives in the middle by comparing the current ¥ with the least final penalty
obtained.

P|
penaity —— o o o= o gy P
r— - m—— — —---:-——4
H
ﬁ-—-~ ‘_-----
t -
\
! 7 u“_"l! T T \ T
o’ z 3 . s é \ "= n
station (ply)

Fig. 11 Increase of penalty

NOIH-: Under the condition apphicd on Tig 10, we show one example of how constranns reduge the numbet of posaible order relations
Il there are no constrant s, the numbcert of possible order refations is 4,586,471 424,

If there are only the constraints on pass-through, the number 15 S88.

If there arc both cunstramts (on ime and on pass-through). the highest number 15 76 Of course, this number depends on the penod T
and the tme constraints (B).
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Vil.Bending of the train-line (Letting speed down)

Hitherto, we have assumed that the stopping tume can be expanded to the masunum allowance, but
the runaning time can not be changed from the shortest one.

However, an increase of the running time s equivalent o an increase of the stopping time in terms
of unwilling-delay (penalty).  This means that, as shown in Fig. 12 the unwilling stappimg tme of the lower
class tram could be reduced by changing the pass-through station and slowing dov n the hugher class train
(unwilling increase of the running time for this train). The value of new unwilling dekny could he small
cnough to decrease the total penalty from its former value. This method is catled "Bending of the

train-line” and is used by humans.

[T |Ilmg delay

A 7 A

(a) Infeasible (b) Pass-through at S2 : (c) Pass-through at S3

Fig. 12 Basic cocept of bending of the train-line

However this method is very complicated.  Suppose there is the setting of the trin shown in g,
13 (a). then we have at Ieast three choices: bend the exvpress, bend the limted or bend both. In this
cxample, it is clear that the best choice is the onc in Fig. 13 (b) considering the penalty, but the situation is
usually more complicated.

-
l
ﬂl;"“ imited cupress
{a) Confliction (b) Bending of express () Bending of limited cxpress

Fig. 13 Choices of bending of the train-line
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In bending the train-line. it scems to us that a human uses the backward correction (bending) after
detecting the infeasibilty or hopelessness of a setting of train movement with the nunimum running time, but
we implement this process as follows:

For bending of the train, one more set of train-lines (the b-fine). which is not used unless the set of train-lines
+2t with the minimum running time (the a-/ine) becomes infeasible, is sct simultancously.  The b-line is set
in & way similar to the g¢-line, but tollowing the rules below.

1. The carliest boundary of b-line (b-earliest) is set decreasing the shift width as much as the
maximum running tuinc constraint allows -- bending only when the constraint propagates
on it toward the departure terminal.

Y. Corresponding to the bending process of o-carliest, some legs of the kiest boundaries of

b-line are bent up o the same running tme as b-earliest on the same section,

3. As aresult of this process, the Latest boundanies of b-fine (b-lutest) are set using the sitne
runaing ume as f-earhiest in the corresponding section -- beading.  But this process has
the possibility of overstufting of the b-/ine beyond the boundary. so it is set decreasing the
shift width as much as the minimum running tine constraint allows -- rais ing toward the
shrinking side, only when the constraint propagates on it toward the departure terminal,

4. Corresponding with the raising process of b-latest, some legs of b-eu: st are raised up to
the samce runaning time as &-laiest -- rais ing toward the shrinking side, and its shift width

propagatcs.

S.The hmited express also has its b-earliest and b-latest: the former is used for bending and
the latter 1s used for a sort of boundary of its bending.

By this procedure, b-carliest s the train-hine that s packed as tight as possible toward the carliest side
and b-Jarest 1s the one packed as tight as possible loward the latest side, considering the bending of the
train-tinc.  This mecans that cach train line of &fine 1s given the maximum freedom of the setting.  Fig. 14
shows a cxample of a b-line.

When an overshrunk o /ine is detected, brline is also checked.  If b-line is not overshrunk, a-line is
substituted by b line. After having sct up to the arnival terminal, the following shninking procedure is
processed because the b-/me includes the freedom of running time.

1. The & latest of the himited express is shifted up to its b-earliest.

2. For cach cxpress, in cach section from the arrival tenminal to the departure terminal, the
train-linc with the minimum runming time is tried from the carlicst arrival time: as far as the
corresponding departure time or the consecutive arrval time s settable mside of its b-ine, it

18 sct as its new curliest. 1€ not, the time of & latest s selected as its new earliest.
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g,

Both processes should be accompanied with the propagation of constraints.
lhis may be one setting of several variations, but at least it is enough for the evaluation of its penalty

15 shows the result of process 1and the result of process 2, applied to Fig. 14,

] <— latestof L’
n .
!
4
g
*
h- earliest of 1.’
/
’ .

Fig. 14 An example of b-line
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Iig. 15 Raising from b-line
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VHI.Conclusion

We proposed an application of the range-constricted scarch algorithm for the compilation of a

time-table for a railroad.

{0 The concept of the scttable time region is used to represent a number of the possiblities of time
scuting.

3 The propagation of constraints is used to cut off the impossible settings selectively.

The propagation of constraints is well-known as a powerful concept in vision, where some knowledge of
§ hysically realizable relations is used to constrain so-calied neighbors. Similarly, in the problem of setting
of train movement, we can find some properties - the continuity of train movement, the difference of
tanning time and so torth -- and then, an application of propagation of constraints shows that clarification of
e relationship between trains and stations makes it possible to reduce the ambiguity or freedom of the train
tovement.  On the other hand. the concept of settable time region makes it possible to handle a wain that

fas ambiguity or freedom.

We did not discuss "final shrinking”, the process for literally shrinking w a train-line,  One
minimum penalty answer for the final shrinking is found by sctting the terminal departure timne to the latest
time, in the order of normal and express, having no guarantee of the so-called best setting.  This will be our
future work. However. the preliminary shrinking has the effect of reducing the human work ceven if the
final shrinking is done by a human.

Finally, we mention that this scheme may be applied for setiing of train movement on a single track

line.
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